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gear shafts. 


Timken bearings keep the shafts rigid and accurate 
under heavy radial, thrust and combination loads, 
eliminate deflection and end-play, reduce wear on 


moving parts. 





Want to learn more 
about bearings? 


New head with a good idea 


Designers of a new milling head had a precision 
problem. They had to give the head a high degree 
of accuracy that would /ast even under the toughest 
loads. They answered the poser with Timken® 
tapered roller bearings—on spindle, pinion and 











TIMKEN” bearings do 
9 out of 10 jobs better 


Nine out of ten bearing applications can be handled 
more efficiently by Timken bearings. Some of the 
reasons why: they carry radial and thrust and com- 
bination loads; /ine contact between rolls and races 
means greater load capacity; positive roller align- 
ment, true rolling motion, and microscopic accuracy 
make them almost 100% frictionless; they permit 
pre-loading to any desired degree. 


you know by the 















Some of the important engineering problems you'll 
face after graduation will involve bearing applica- 
tions. If you’d like to learn more about this phase 
of engineering, we'll be glad to help. For additional 
information about Timken bearings and how engi- 
neers use them, write today to The Timken Roller 
Bearing Company, Canton 6, Ohio. And don’t for- 
get to clip this page for future reference. 








trade-mark: TIMKEN 


TIMKEN 


TAPERED ROLLER BEARINGS 


NOT JUST A BALL © NOT JUST A ROLLER c—> THE TIMKEN TAPERED ROLLER <> 
BEARING TAKES RADIAL @) 


AND THRUST -@- LOADS OR ANY COMBINATION HE 








Vital 


Ingredient 
of a Name 


What is vision? An inspired 
revelation? Or... the faculty or 
sense of sight? 

Pick your own definition. 
They’re both important in your 
future. With Westinghouse, they 
are both important, too. 

Even before the time George 
Westinghouse dramatically 
proved the superiority of a-c 
power distribution, climaxed by 
his daring demonstration at the 
Columbian Exposition in 1893, 
the vision (inspired revelation) 
of Westinghouse had been re- 
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peatedly demonstrated. It’s a 
vision that’s burned brightly 
through the years. 

In this bold challenge to status 
quo, Westinghouse staked his 
name and future on a conviction 
that better, cheaper power could be 
delivered with alternating current. 

The same spirit of enterprise 
by the Westinghouse organiza- 
tion has repeatedly broadened the 
usefulness and diverse applica- 
tion of electric lighting. 

For example, the quartz tube 
filled with Krypton with a bril- 









liance nine times greater than the 
sun; the bacteria-killing Steri- 
lamp; fluorescent and mercury- 
vapor sun lamps; talking lamps; 
heat lamps; lamps to produce 
black light... and on and on 
through the 10,000 different types 
and sizes ... plus a multitude of 
electronic tubes with equally 
versatile and vital applications. 

Yes, vision is essential in win- 
ning a name but it is doubly im- 
portant in protecting it, especially 
a name whose reputation is staked 
on the commitment... 


you can BE SURE .. te iTS Westinghouse 
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Want to make a river run uphill? 


e. 


VERY DAY, America’s engineers 
E are performing miracles with 
water .. . creating vast, cryst7! lakes 
where valleys were before... *ans- 
porting entire rivers across moun- 
tains in steel pipe. But there’s still 
a big job to be done. For 108 million 
Americans still lack adequate water 
supplies, and 17 million acres could 
be made into fertile farms with proper 
irrigation. 

The jobs at hand and the jobs 


ahead will require steel in tremen- 
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Steel pipe ready for installation at Grand Coulee Dam, Washington 


dous quantities .. . for pipe of large 
diameter and small . . . to reinforce 
massive concrete dams ... for bridges 
that carry pipe across broad streams 
. .. for cables that suspend it across 
yawning chasms. 

It adds up to a tremendous task 
for America’s steelmakers. And it’s 
only one of steel’s many tasks that 
will utilize the services of thousands 
of trained men, for steelmaking to- 
day is a precision operation. Chemi- 
cal and metallurgical laboratories 


have assumed an importance equal 
to that of roaring blast furnaces and 
open hearths. 

Preparing men for key positions 
in the great steel industry is big 
business at United States Steel. To- 
day U.S. Steel has more people in 
training than all but a few of Amer- 
ica’s greatest universities. 

Helping to build a better America, 
the number one job at United States 
Steel, offers careers with a real future 
to men who can qualify. 


AMERICAN BRIDGE COMPANY - AMERICAN STEEL & WIRE COMPANY - CARNEGIE-ILLINOIS STEEL CORPORATION - COLUMBIA STEEL COMPANY 


H. C. FRICK COKE AND ASSOCIATED COMPANIES - GENEVA STEEL COMPANY 


+ GERRARD STEEL STRAPPING COMPANY 


MICHIGAN LIMESTONE & CHEMICAL COMPANY - NATIONAL TUBE COMPANY - OIL WELL SUPPLY COMPANY - OLIVER [RON MINING COMPANY 


PITTSBURGH 


LIMESTONE CORPORATION 


> PITTSBURGH STEAMSHIP COMPANY 


+ TENNESSEE COAL, IRON & RAILROAD COMPANY 


UNITED STATES STEEL EXPORT COMPANY - UNITED STATES STEEL PRODUCTS COMPANY - UNITED STATES STEEL SUPPLY COMPANY 
UNIVERSAL ATLAS CEMENT COMPANY - VIRGINIA BRIDGE COMPANY 
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SODA ASH 
CHLORINE 
CAUSTIC SODA 








f/ PARA-DICHLOROBENZENE 


LY All standard mesh sizes 
f Packed in 25, 50, 100 and 200 lb. fiber drums 


ORTHO-DICHLOROBENZENE 


55 gallon drums 
8,000 gallon tank cars 
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MONO-CHLOROBENZENE 


55 gallon drums 
8,000 gallon tank cars 








SODIUM BICARBONATE 
CALCIUM CHLORIDE 
CAUSTIC ASH 
MODIFIED SODAS 
MURIATIC ACID 

SODA BRIQUETTES (Iron Desulphurizer) 
PHOSFLAKE (Bottle Washer) 

HI-SIL (Hydrated Silicate) 






















These three chlorinated benzenes are the newest products manu- SILENE EF (Hydrated Calcium Silicate) 
factured by Columbia +a natural development from the position CALCENE T (Precipitated Calcium Carbonate) 
of Columbia and its affiliate as the nation’s largest merchant pro- 
ducers of liquid chlorine. The introduction of these products PITTCHLOR (High Test Calcium Hypochlorite) 
marks Columbia's entry into the field of organic chemical produc- PITTCIDE (Special Calcium Hypochlorite) 

tion and enlarges the scope of its services to many of the nation’s 
great industries. Pittsburgh Plate Glass Company, Columbia BORAX 

Chemical Division, Fifth at Bellefield, Pittsburgh 13, Pennsylvania. PACIFIC CRYSTALS (Sodium Sesquicarbonate) 
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capital export 


By Vincent R. Murphy, '49 


Problems Involved in Spreading the Dollar 


Headlines today bring out increasingly the fact of 
the importance of American capital. In the light of 
the position of the United States as creditor to the 
world, it should be of interest to examine more clearly 
what goes into aiding other nations and developing and 
exploiting their resources and markets. 

The government’s plans and activities are served up 
daily in the newspapers and do not need mention here. 
The flow of private capital, however, is not as fully 
comprehended. The most legitimate questions which 
exist are, perhaps: why should private capital go abroad 
and, when that decision has been made, under what 
additional difficulties are managers and investors oper- 
ating by reason of the international scope of their 
enterprise? 

Despite the clamor on all sides for American dollars, 
the paradox exists that national restrictions so hinder 
the immigration of subsidiaries and branches of Amer- 
ican business that countries which most need our money 
are pushing it out and discouraging any influx. 

In spite of the attendant difficulties, foreign oper- 
ations constitute a sizeable segment of United States 
business. Recent estimates show that some eight 
billion dollars are invested in some fifteen thousand 
foreign enterprises spread over all the globe. Largest 
holdings are in Canada, South America and Europe. 
The operations which these enterprises undertake con- 
cern themselves principally with manufacturing, petro- 
leum exploitation, utilities and transportation, and 
mining — again in order of dollar importance. In 
general foreign enterprises use American patents and 
methods and produce goods similar to those manufac- 
tured in the United States. 

Financially, the outside concerns are controlled by 


100 per cent, or nearly 100 per cent, stock ownership. 
(This is a general statement, since some nations have 
laws expressly forbidding such a situation.) Stock 
control may be direct or through a foreign subsidiary 
which holds the stock of still another foreign concern. 
A composite of all organizational structures in 1947 
showed 54 per cent of corporation officers and 46 per 
cent of directors to be United States citizens. A more 
detailed analysis showed that individual percentages 
are functions of distance and language, and are subject 
to the influence of individual national regulation. 

The single important reason for the external invest- 
ment which has been described is to make a profit — 
often higher outside the United States than in. Only 
naivete would entertain the thought that service to the 
world in general and a given country in particular might 
influence businessmen more than fleetingly. 

With a profit motive postulated as a matter of 
course, there must be found reasons for leaving the 
protected area of the United States. Three general 
considerations exist which will apply with different 
degrees of intensity to different cases. 

1. The company branching out may feel able to put 
forth goods at lower prices by manufacturing within 
the country to which it is at present shipping its product. 
This reasoning may be brought about by adverse trade 
laws, particularly bigh import tariffs. (Often to en- 
courage the influx of outside industry a country will 
establish high tariffs on finished goods imports and 
leave raw materials almost entirely alone.) The decision 
also may be based upon surveys which indicate that 
reduced prices are permitted by savings in factory, 
labor or transportation cost, or increased availability of 
raw materials. 

2. When the product sold is designed especially to 
meet consumer preferences, it is often found that the 
pulse can best be felt by operating within the country 
concerned and using nationals in many positions in the 
plant. Public relations can also be a large factor here. 

3. Very often the parent company requires an 
article made from foreign raw materials which will in 
turn be a raw material in the main manufacturing 
operation in the United States. 

With this brief look at the scope of United States 
interest in foreign countries and broad explanation of 
the motivating forces must be coupled some discussion 
of international money payments. It is evident that 
there must be at the least a mechanism which effects 
the transformation of dollars in the United States into 


A storage tank goes up at Standard’s Port Jerome, 
France, refinery. 
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equipment and supplies in some other country and 
which effects also the transfer of profits abroad into 
dollars within the United States. The manner in which 
these transformations are made can be extremely com- 
plicated. There is an infinite number of variations of 
a somewhat basic pattern. 

In the simplest case, the United States exporter has 
negotiated with the British importer to sell the latter 
goods. The exporter ships the goods to the importer 
and draws a draft on him. This draft is an order to 
pay to the bearer a specified number of pounds sterling. 
(It may call for payment on presentation or after a 
specified time. If time is allowed, this is extension of 
credit, and interest will be paid.) If his credit is good, 
the exporter can sell this promise to pay to his bank for 
dollars at the going rate of exchange between dollars and 
pounds sterling. The American bank then sends the 
draft to a “correspondent” bank in England with which 
a deposit of pounds is kept. The English bank will 
present the draft to the importer and will credit the 
pounds received to the account of the American bank. 
In this manner the exporter has been paid in dollars, 
the importer has made payment in pounds and no 
money has crossed the ocean. 

The situation described has, of course, been sim- 
plified to an extreme. A more realistic — but still 
simplified — transaction takes account of the risk 
element involved in giving possession of the shipment 
to a relatively unknown importer before payment is 
made. While the importer is notified of the shipment’s 
arrival, he does not receive the title to it until he has 
made arrangements with his bank. The draft is not 
sent to the foreign bank for collection. It is endorsed 
(accepted) by the American bank and returned to the 
exporter. The exporter then may retain the “accept- 
ance” or he may sell it in the market to someone who 
needs pounds, since it was written in terms of pounds. 
The balance of supply and demand in these drafts with 
no regulatory interference sets the foreign exchange 
rate at which currencies may be purchased. 

All business involving transfer of money must work 
through the foreign exchange mechanism. It is evident 
that any manipulation of the rates directly or any 
condition artificially brought about to restrict trade 
would be of primary concern to firms doing business 
overseas. Much of the hazard to American “direct 
investment” in other lands stems from just such 
activity on the part of governments themselves. 

To provide material for comparison, an outline of 
practices and obstacles discouraging to investors should 
be preceded by presentation of a set of conditions felt 
to be ideal. The League of Nations “Special Joint 
Committee on Private Foreign Investment” has made 
a series of recommendations and has considered both 
the long range advantages to the countries affected and 
the positions of the investors who risk their money. 
The result is a reasonably fair and unbiased look at 
what might easily be termed the ideal situation for 
direct investment. The main points are given here: 

General legislation in capital importing countries 
should permit business to function restricted only as 
required for the safeguard of national security and 
integrity, the protection of individual rights, the orderly 
development of the national economy and steady 
promotion of social welfare. 

Public finance should be so managed as to contribute 
to economic stability. Chronic deficits which lead to 
inflation and debt repudiation undermine confidence 
and may check enterprise. 

Taxation should be so devised as to have the least 
possible adverse influence on business venture and 
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investment. Income taxes are the least discouraging 
to enterprise provided the rates are not unreasonable. 

It is unwise for capital-importing countries to 
subject foreigners to discriminatory and extra-territo- 
rial taxes. They should refrain from applying any 
transfer or foreign exchange tax on the service and 
repatriation of foreign capital. They should, moreover, 
negotiate with other countries treaties for the preven- 
tion of international double taxation. 

The success of international investment depends 
upon measures of international economic policy tending 
to restore a world-wide multilateral trading system so 
as to open transfer routes from capital importing to 
capital exporting countries through third countries. 
Any check to multilateral trade reduces the transfer 
capacity of debtor countries. 
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Legality, equity and good faith are of cardinal 
importance in the treatment of foreign investment. The 
fundamental principle on which the civil status of for- 
eigners should be based is that they should have the 
same non-political rights as nationals and equality of 
treatment in business and tax matters. 

Restrictions on the employment of foreigners and 
provisions requiring their progressive replacement by 
nationals in firms where they are employed may reduce 
the supply of foreign capital. 

When measures of expropriation or nationalization 
are adopted, they should provide for appropriate com- 
pensation, in fully transferable currency, before the 
owner is dispossessed. Greater security to the owner 
will be assured if this compensation is fixed by a board 
of independent referees. 

Foreign investors can expect to receive fair treat- 
ment assuring the security and remuneration of their 
investment only if, besides offering a direct return, it is 
a contribution to the economic development and social 
welfare of the country. 

The governments of countries desiring to foster 
investment abroad can hasten the abandonment of 
restrictive policies against their nationals in other 
countries by conducting their foreign relations in a 
manner which dispels any fear of imperialism or dis- 
regard for the principle of juridical equality of nations. 

With these criteria as background, the practices 
generally subscribed to by the nations of the world can 
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be reviewed in a critical light. The expected, non- 
legislated, risks of foreign investment are simply the 
ordinary uncertainties of business adventure coupled 
with the additional uncertainties resulting from possi- 
bilities of governmental overthrow and exchange rate 
fluctuations. Prolonged disequilibria in the import- 
export relationship of a nation may reduce greatly the 
value of its currency under free market conditions. Such 
a value reduction would reduce the effective return to 
security holders outside the country. While the possi- 
bility for appreciation also exists, most businessmen 
prefer to leave the unpredictable element out of their 
long term operations. 

To these dangers, which will it appears always be 
present, the nations of the world have added a formi- 
dable list of obstacles which are often more discour- 
aging because they involve not risks but sureties. 

First and most important of this list are the many 
direct restrictions on the transfer of funds. These 
restrictions are caused by the dollar shortage now 
prevalent throughout the world. Countries imposing 
the regulations feel that not sufficient benefit is entailed 
in just permitting foreign firms to operate normally; 
they believe that the immediate solution to an internal 
shortage of dollars is to prevent their removal. 

This prevention is achieved in many ways. The 
British Commonwealth of Nations saw fit to permit 
trade only among the nations of the Commonwealth, 
making outside purchases only of products not obtain- 
able within their sphere. The object is perfectly clear 
— if no buying is done no money can leave. This 
approach may solve for these countries their immediate 
problems, but its long range effects may be dangerous 
to international welfare and achievement of a balance 
of trade. 
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Oil is one of the biggest examples of private United States capital invested in foreign lands. 


Many countries, notably those in Central and South 
America, possess no large internal trading possibilities. 
They, in general, control the exportation of money by 
less direct and less absolute curbs than this. These 
take the form of limitations in the number and size of 
remittances (money orders) and of specific designations 
of what percentage of profit can be removed. The 
regulations cover the range from almost unimpeded 
transfer in Venezuela to the case of Argentina which 
now permits to be taken out in profits and capital 
combined only the amount of the original dollar 
investment. 

The most universal device now in use in Latin 
America to conserve dollars is the multiple exchange 
rate. A government-controlled rate is in existence at 
which imports are paid for. It always overvalues the 
currency of the country which establishes it. A free 
rate is at the same time used which reflects more nearly 
the real value of the country’s currency. Thus in Peru 
in July 1948 the government set 6.50 sols to the dollar, 
while the free market rate was 14.50 sols. Outgoing 
capital must ordinarily go through the free exchange. 
By these means, importing materials and goods and 
remitting money are both made expensive processes. 
While the object of such measures is simply to maintain 
the country’s internal dollar supply, their parallel effect 
is to disturb seriously the activities of foreign business. 

Tax policies play a large part also in determining a 
nation’s desirability as a site of business enterprise. The 
really burdensome and discriminatory taxes take a 
variety of forms. They may be broken down broadly, 
however, into three classifications. 

Taxes on imports are used in a great many countries. 
Although in some cases the intention is to protect home 
industries, in most capital-importing countries this can 
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hardly be true. The object is to discourage imports on 
the theory that in such fashion can be built a favorable 
balance of trade. The tax may be directly on the goods 
and raw materials brought in; it may be a tax on import 
papers; it may take the form of import licenses. Through 
the medium of delay in issuing import licenses foreign 
firms can be made to extend credit whether they wish 
to do so or not. 

The internal tax structure may also be discouraging. 
Ordinarily national taxes in themselves are not exces- 
sive. However, discrimination between foreign and 
domestic enterprise is sometimes indulged in prohibitive 
fashion. Thus Brazil takes ten per cent of profits of 
non-residents. The purpose again appears legitimate 
from the country’s viewpoint. But — in the long run, 
if foreign enterprise becomes fed up, more is lost than 
gained. 

One of the most reprehensible taxes from the stand- 
point of the investment value of foreign enterprise is 
that on repatriated profits. Not only is the amount of 
profit which may be removed fixed by law, but that 
which is permitted to leave is taxed — from twelve per 
cent in Peru to an often used four per cent stamp tax 
in other countries. Such a situation requires that for a 
foreign investment to be worthwhile its initial return 
must be extremely high. 
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The Canadian concern which 
owns this equipment is a sub- 
sidiary of Standard Oil. 
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The monetary curbs, hazards, and obstacles de- 
scribed can be seen to have an adverse effect upon 
American expansion. Yet recently these difficulties 
have become relatively less obnoxious than those 
governing employment and stock ownership. The 
trend throughout Latin America is now toward regula- 
tions which set limits upon the percentage of foreign 
labor which can be used, upon the number of foreign 
officers and directors and upon the amount of ownership 
which can be extra-national. The laws here do not so 
much affect risk and rate of return as they tend to ham- 
string operations by reason of the loss of efficiency 
involved obeying them. 

The laws of Mexico in this regard are perhaps 
typical. She requires that ninety per cent of labor must 
be Mexican. With skilled labor a rarity this condition 
is hard to meet. Another requirement is that fifty-one 
per cent of the capital of an enterprise must be owned 
by nationals. This is even harder to take for American 
capitalists. Discouragement would be almost complete 
if it were not for the fact that waivers of regulation are 
the rule rather than the exception. 

That a reason exists for these laws is unquestionable. 
Each nation is trying to build itself up. Argument 
against them on a basis of right and wrong is hard to 
justify. What can be said is that, regardless of laudable 
motives, restrictions of the nature of these must have a 
deleterious effect upon the import of capital. It is not 
conceit but realism to say that labor skill and technical 
and administrative know-how are not as available 
among the people of these countries as they are among 
the groups sponsoring the activities affected. Manage- 
ments cannot afford to put money into ventures which 
they are not permitted to control absolutely and direct 
operationally; nor can they establish any involved proc- 
esses with serious restrictions placed upon the supply 
of skilled labor. These facts are self-evident here and 
are equally evident to the men who must decide whether 
to expand and where. 

Throughout this array of concrete objections to 
foreign operation runs the nemesis of uncertainty as to 
future laws, policies and even governments. Changes 
in import duties, taxes, licenses, exemptions, and 
waivers must be foreseen and evaluated. A slight 
revision of any of these items quite conceivably could 
cut off the effective operation of a subsidiary. And 
looming above all these minor possibilities is that of 
expropriation and nationalization. Mexico’s Expro- 
priation Decree of 1938 cost investors millions of dollars 
(Continued on page 24) 
















from studios to polymer fractions 


By Dan von Recklinghausen’ 


Acoustics Comes into Its Own at M. I. T. 


A survey shows that one hundred per cent of those 
machines which indulge in tobacco at M. I. T.’s Acous- 
tics Laboratory smoke Pall Mall—they are king-sized. 
Of course the total consumption is only a pack a day, 
but the percentage looks good on paper. What do 
cigarettes have to do with acoustics? Well, let us start 
at the beginning. 

Located at present in building 20, the Acoustics Lab 
was originally part of the Radiation Laboratory. At 
its inception, in 1946, the laboratory was doing almost 
entirely classified work, but now, with less government 
work on its hands, it is pioneering in educational 
methods (giving ten courses in three departments) in 
addition to carrying on useful research. Under the 
joint administration of the Electrical Engineering, 
Physics, and Architecture departments, and sponsored 
primarily by the Division of Industrial Coéperation, 
the lab has as its purpose basic research, application, 
and the training of qualified men. Its research can be 
divided into three general fields, corresponding to the 


*With the kind help of Dr. Leo Beranek, Assistant Director of 
the Acoustics Laboratory, and Mrs. Avis Tetley, Librarian. 





The Acoustics Lab studio has been put to use in 
subjective tests to determine minimum perceptible 
flutter. 


This small anechoic chamber has been used to 
make scale studies of panel transmission charac- 
teristics. 
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departments administering it — architectural acoustics, 
communication acoustics, and properties of materials 
and sound fields. 

Everyday complaints about noises, echoes, and 
“paper thin walls”’ are much more familiar than re- 
search papers on chemical reactions catalyzed by high- 
frequency sound. Acoustics is now an important part 
of modern architecture — a concert hall must have just 
the right amount of reverberation; and occupants of 
a row house have no business being able to count the 
number of squabbles in the family next door. For this 
reason, the Architecture Department has been working 
with the Acoustics Lab on the study of such problems 
as sound transmission through panels — to produce 
quieter homes and factories; and studio acoustics — 
to give us better auditoriums and more natural-sound- 
ing radio programs. 

One piece of the laboratory’s equipment for the 
study of studio acoustics is a room, specially designed 
as a student problem to give as much sound diffusion 
as possible and avoid the setting up of any standing 
wave pattern in the sound field. The semi-cylinders 
evident in the photograph may be turned to give 
different diffusion effects, while the ceiling is divided 
into cells so sloped as to break up direct echoes and the 
walls are curved for the same reason. 

By varying the frequency and amplitude of the 
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sound source in the room, and varying the set-up of 
the room itself, the best conditions for a studio are 
being determined, along with the objective standards 
for measuring the quality of such a room. 

To determine the sound transmission characteristics 
of panel materials, the laboratory has built a sound- 
insulated chamber with non-reflecting walls which will 
accommodate 8 x 8 foot panels. So as to provide com- 
plete control of the sound field in the chamber, a panel 
of 256 matched speakers connected in sixteen banks to 
sixteen amplifiers of special design is used as a sound 
source. By varying the phase of the input to each of 
the sixteen banks, a number of different types of wave 
fronts can be beamed at the panel under test. 

The lab also owns a small scale version of the sound 
chamber which is being used to study the character- 
istics of smaller panels (2 x2 feet) and the advisability 
and mechanics of applying scale studies in sound 
transmission. 

Those Techmen who listen regularly to station 
WMIT are familiar with the acoustical phenomenon 
known as flutter, although they call it something else. 
When a record is played, and, through some mischance, 
the engineer causes the turntable to change its speed, 
rather funny sounds are produced. The same effect, 
which is noticed on movie sound tracks and wire or 
tape recorders, is due to mechanical frequency modula- 
tion of the audio signal. Since this effect seriously 
disturbs the clarity of the information being transmitted 
by the sound, one of the more obvious industrial appli- 
cations of its study is the proper design of recording 
and playback equipment. A series of tests have been 
run to determine the minimum perceptible flutter, for 
the human ear, at different frequencies and amplitudes. 

Much has been said about the mathematical and 
electrical theory involved in the transmission of infor- 
mation and a great deal of research is being done on 
it; however, most information transmitted must be 
converted to sound to effect our understanding of it. 
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The properties of materials are often influenced 
when treated with ultrasound from the Lab’s 
crystal generator. 


The test studio presents an interesting maze for 
unwanted reverberations. 


Therefore, a study of the most efficient methods of 
transmitting information by sound has been under- 
taken at the Acoustics Lab. How much of each of 
the speech components, for example, is necessary for 
understanding of the information contained in the 
speech — to what extent speech can be clipped or 
narrowed in bandwidth and still contain the transmitted 
data. 

Although it is a long stretch from speech trans- 
mission to damping sound from heavy machinery, the 
field is still in the province of the laboratory. One 
important matter under study has been the elastic and 
dissipative properties of various types of rubber. So 
that experiments may be as accurate as possible, 
methods have been developed for accurate preparation 
of these substances. The lab can carry out many of 
the processes involved in preparing rubber to keep to 
a minimum the error due to variation in composition 
of commercial products. An apparatus has been con- 
structed to fractionate large samples of polymers in 
order to provide accurately known ranges of polymers. 
From the research being done along this line, a new 
theory relating the visco-elastic properties of rubber to 
the degree of polymerization and vulcanization is being 
developed. Studies are also going on on the sound effects 
in textiles. 

It would seem entirely wrong if the Acoustics Lab 
were not to do some research on high-frequency, high- 
amplitude sound. For work with ultrasound, the lab 
has built a crystal ultrasonic generator. Power is fed 
to a network of crystals which produce an intense sound 


(Continued on page 30) 
11 



























































































rocks, ropes, and snow 


By Paul Westheimer, '52 


“Ca-oo-wah!” Wherever one hears this hearty, 
carefree call ringing across the countryside, from the 
Blue Hills to the Adirondacks, he can be sure of finding 
a bunch of spirited Outing Club members temporarily 
leaving behind the cares of their studies and congested 
city life. 

The M. I. T. Outing Club is a branch of the Inter- 
Collegiate Outing Club Association, a loosely-knit organ- 
ization of Eastern college outing clubs. M.1. T:O.C.. 
as Tech’s outing club is commonly referred to, had its 
start in 1933 as shes Ski Runners’ Association. However, 
the demand from its members for activities extending 
beyond the ski season led to the formation of an outing 
club in 1935. Since then, M. I. T. O. C. has flourished 
until, today, it comprises some three hundred members 
active in skiing, hiking, rock-climbing, bicycling, moun- 
taineering, horseback-riding, swimming, and square 
dancing. Future plans call for greater expansion, 
including the building of a cabin and the purchase of 
a station wagon or truck. So much for historical 
details. Let us look at some of the activities which 
make the Outing Club popular. 

So you have never been rock-climbing? Let us go 
ne on one of the M. I. T. O. C. climbing trips. After 

a group of climbers from Tech and, probably, some 
girls’ school has gathered at Park Street subway sta- 
tion, it proceeds to Quincy Quarries or Rattlesnake 
Cliffs in the Blue Hills. Your first glimpse at the cliff 
makes you wonder why you came along. Once you 
reach, by a rather circuitous route, the top of the rock- 
pile, the instructor demonstrates some of the funda- 
mentals of climbing, such as tieing one’s self into the 
rope, and the fun begins. The instructor straddles the 
ropes with his back towards the cliff, winds the rope 
around his body in a couple of loops, and steps over 
the edge with his body perpendicular to the face of 






the cliff. In a series of leaps and bounds, he reaches 
the bottom, smilingly looks up and asks, ‘‘Next?” 
You look at him skeptically, but on account of the 
urging of the rest of the gang you decide to give it a 
try, hoping that the rocks on the bottom are not too 
hard. You make the appropriate turns of the rope and 
gingerly step over the edge, heart in mouth. At first 
you clutch the rope in a frenzied grip, but, amazingly, 
you just hang there. Not until you almost let go do 
you start gently moving down. Gradually, as tense- 
ness disappears, you start jumping against the side of 
the cliff and paying out several feet of rope at a bound; 
but not for long, for it soon becomes apparent that 
work done against friction is translated to heat at the 
seat of your pants. Once you finally touch ground, you 
are more than eager to try your hand at climbing again. 





Climbing Mount Washington 
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This time you climb up the cliff. You tie yourself 
on the end of the rope and start to climb while someone 
at the top of the cliff takes up the slack in the rope, the 
other end of which is securely fastened on a tree, rock, 
or piton. The first part of the climb is fairly easy. As 
you get about halfway up the cliff you see a crack in 
the rock which looks like a made-to-order hand hold. 
As you eagerly reach for it the instructor informs you 
that obvious ways to cling are ruled out. Perplexedly 
you contemplate the smooth rock above as someone 
tells you to put your left foot three inches above and 
to the right of your left shoulder. You know darn well 
that there is not room on that little ledge for your chin 
and your foot. Another fellow thinks he has better 
advice: ‘‘Put your feet where your hands are and step 
on them.” Finally you find a crack wide enough to 
get half a fingernail in and pull yourself up. When you 
ev entually reach the top you exhaustedly look down and 
exclaim “Did I climb that?” However, as you graduate 
to more interesting climbs with picturesque names such 
as, Fat Man’s Folly, The Overhanging Overhang and 
Cape Eternity you laugh at your earlier difficulties. 
Incidentally, in the rock-climber’s vocabulary “‘interest- 
ing” refers to climbs which range from difficult to 
impossible. 

However, if you do not feel rugged enough to take 
up rock-climbing, chances are that you will find some- 
thing that will interest you from among M. I. T. O. C.’s 
many activities. Take, for instance, skiing. In the 
winter the various outing clubs in the Boston area get 
together and sponsor skiing trips to places such as 
Laconia, New Hampshire, in chartered buses at sur- 
prisingly low cost. It is possible to go on a ski trip for 
about $5.00 including all expenses. A large part of 
the enjoyment on these trips comes while traveling to 
and from the ski areas. Usually someone brings a 
guitar or similar instrument and there are jovial song- 
fests in the pauses between bull-sessions. For the more 
advanced skier there are also trips to Stowe and Tucker- 
man’s Ravine, with a wide variety of open slope and 
trail skiing. 
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Guess it’s time to eat. 


Some view! It’s probably worth all the climbing 
















































An activity which seems to be rapidly increasing 
in popularity is spelunking or cave exploring. There 
have been several trips to Eldon’s Cave in Massachu- 
setts near the New York border and a trip to some 
interesting caves in Schoharie County, New York. On 
this there were several memorable events — for in- 
stance, the time a spelunker left a rope in the depths 
of one of the caves. Retrieving it involved crawling 
through a subterranean stream. By the time the poor 
guy came up he bore a striking resemblance to a shaggy 
poodle which had just been pulled out of a swamp. 

Another interesting type of trip which the outing 
club sponsors occasionally is a fox and hounds chase. 
One group of members hikes through the woods scatter- 
ing small bits of paper behind it while other groups try 
to follow its trail. The trail meanders all over the 
woods, often doubling back or coming to dead ends by 
the edge of some swamp or lake. There is nothing as 
discouraging as having to double back a mile or so 


steepen and become narrower. Soon you are scram- 
bling over rocks and between trees and occasionally 
get a glimpse of the beautiful Adirondack landscape. 
After the third mile you enter the famous “misery 
mile.” You cross several streams by balancing across 
on logs when suddenly you see a huge boulder looming 
ahead right in the trail. As you perplexedly get closer 
you see a little ladder going up one side of the boulder 
and down the other side, through the “lemon squeezer,” 
a passage between two boulders just wide enough for 
a man with pack to squeeze tbrough if he has not had 
too much lunch. The rest of the trail is not bad except 
for one bridge of floating logs which has a nasty habit 
of sinking a couple of inches below the surface under 
your weight. Finally you reach one of the lean-to’s 
around the Lake Colden area just in time to join in a 
square dance to the music of a couple of guitars and an 
amateur caller. (This is, of course, after you have 
prepared supper over a fire or Coleman stove.) When 
the group eventually tires out, everyone gathers around 
a roaring campfire for singing and talking. The con- 
geniality of this group around the fire is perfect. Finally 
the embers die out and by midnight nearly everyone 
has sacked in. Those who do not fit in the log lean-to’s 
crawl into improvised tents made of shelter halves or 
ponchos. You are lulled to sleep almost instantly by 
the gurgling of the nearby mountain stream. Sooner 
than you think possible, it is daybreak and you extri- 
cate yourself from your sleeping bag, wash yourself with 


* Will somebody tell us whether 


through thick underbrush. At a fox and hounds chase 
last circus, one bright member of a local outing club 
decided to be different. The trail ended at the edge 
of a lake. However, this particular outing clubber saw 
a dog walking along the edge of the lake, which was 
still frozen, and thought she could do it also. For the 
rest of the chase one member had rolled up pants and 
red flannels on. 

However, the high spot of the Outing Club year is 
College Week. This is a week’s get-together in the 
Adirondacks of members of the various Eastern I.0.C.A. 
clubs. During this week there is one happy family of 
about one hundred and fifty outing clubbers assembled 
in the wilds of the Adirondacks to have the time of 
their lives. As you pull into the parking lot by the 
Adirondack Loj you are rather startled by the cosmo- 
politan array of cars that is assembled there. At least 
ten states are represented. You are glad to have 
reached your destination after having ridden for several 
hundred miles with six people in the car. Slowly you 
pile out, gradually straightening the kinks in your spine, 
slip into your pack, and start down the trail marked 
Lake Colden. The first couple of miles are not bad, the 
exercise feels good and the trail is nice and wide and 
not steep. Gradually, however, the trail begins to 
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they're coming or going? 


the invigoratingly cold mountain water and prepare 
breakfast. It is amazing how outdoor life can whet 
one’s appetite. After clearing away the dishes and 
packing a light lunch you start on the day’s hike with 
a group of about four. One of the most interesting 
hikes in that area is the one to the top of Mount Marcy, 
the highest peak in New York State. The trail, espe- 
cially near the end, is much like “‘misery mile,” but the 
magnificent view from the peak makes you forget com- 
pletely about your aching muscles. On these hikes 
there is seldom a dull moment. Quite frequently some- 
one loses his balance on one of the log bridges and neatly 
slides into the water for a refreshing involuntary swim. 
Hiking and square dancing, however, are not the only 
activities at College Week. There is boating on the lakes 
and some of the more hardy characters do some climb- 
ing on cliffs in the vicinity. Everyone has a great time. 
About the only objection to College Week is that it is 
too short. 

You are probably wondering by now what makes 
the outing club tick. Most of the work is done by a 
nucleus of about ten council members. The council 
is a group of members who have passed a list of quite 
rigorous requirements sufficient to prove that they are 
reasonably proficient in the various aspects of outing 
clubbing. This council has weekly meetings in the 
M.I. T. O. C. office in Building 18 to plan for future 
activities. Most of the one day trips are planned a 
week in advance while arrangements for longer trips 
are usually made several weeks in advance. You can 
depend on the council to plan a full and varied program 
for M.I.T.O.C. There will never be a dull moment 
among outing clubbers while there are some woods and 
omuntains available. 
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the lost trait 


By Dan R. Test, '50 


Once upon a time in a faraway land lived an Engineer. 
He was a famous engineer — broad of mind and sinewy 
of brain. His fame had spread to distant corners of 
the earth. He had engineered the longest bridge, the 
highest building, the deepest mine in all the world. 
The other things that he did are too numerous to relate. 
Wise men from all corners of the earth journeyed to 
the home of the Engineer to read his notes, to watch 
bim integrate around a closed path, and to touch his 
slide rule (correct to five significant figures). 

In spite of his riches, power, and pelf, the Engineer 
was vaguely unhappy. So one morning, in his usual 
scientific logical way,.the Engineer sat down at his 





functional desk to list in an orderly manner (with due 
regard to algebraic sign) his earthly accomplishments. 
Then he plotted Happiness (in British joyful units) as 
a function of Accomplishments. The curve was con- 
cave downward! Checking and rechecking by inde- 
pendent methods confirmed a bewildering fact: as 
accomplishments increased, happiness decreased — 
exponentially. 

The Engineer was despondent. He had graduated 
from the best of schools. Surely his calculations were 
correct ... but he must have overlooked something. 
Thumbing through tomes of notes, he happened upon 
a college math assignment. Of course — he had been 
a fool. X is an independent variable. Perhaps Accom- 
plishments were a function of a more basic quantity 
such as... time! Aha! 

Now the Engineer was extremely sad. The longer 
he might live, the unhappier he would become. The 
graph was based on the normal superior type. Cer- 
tainly he was superior. Perhaps he did not possess all 
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the traits of a Normal Man as defined by the Interna- 
tional Association of Psychoanalysts. But, this was 
unthinkable. The Engineer distinctly recalled that all 
traits had been included in the last accountant’s report 
(less allowance for depreciation). Perhaps he had lost 
a trait! 

He hastened to his vault. Brushing aside servo- 
mechanisms and an old Carnot cycle, the Engineer 
jerked open his file and began to check his traits. 
Anxiety had deprived him of his usual cool logic. The 
scientific method was forgotten as he haphazardly 
opened the manila folders containing his traits. Yes, 
his Honesty was still there. Patience and Perseverance 
were still in their crisp blue envelopes. He checked 
his Memory (listed under Recall, Powers of). He had 
not lost that. Individuality and Integrity were still on 
file, side by side. Humility was there, although it had 
become slightly warped. The Engineer made a menta] 
note to design a constant-temperature vault. Even 
Courage and Adaptability had begun to wither slightly 
because of the poor air, no doubt. The Engineer 
breathed a sigh of relief as he checked Intelligence, 
Superior (cf. I.Q.). Thank God that had not been lost! 

The counting of his many traits had soothed the 
Engineer somewhat. He began at A (Ambition had 
not moved from its customary place) to check system- 
atically through the complete file. His mind leaped 
back to the graph. The sharply increasing negative 
slope had indicated the loss of an important trait or 
perhaps (throwing scientific caution to the winds) an 
extremely important trait. Thumbing through E, F, 
F,, G, and H, he came upon Humor, Sense of. The 
folder was empty... . 


Mora.: Too close an approximation is hard on one’s 
stomach. 




















































Eighty-five per cent of the rooms in 

Tech’s New Dormitory have river ex- 

sie The Duplicate Bridge Tournament meets every 
Saturday in the Dorm’s dining hall. 


The illumination for 
the dining hall is 
furnished by lights 
which are seen on 


its roof. 
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The entrance to the New 
Dorms is, believe it or not, 
on the side of the building 
away from the Drive. 


Here’s a place to relax after a meal, with cigarettes, 
coffee and talk. 


Rooms may be functional, but before long students 
give them that “lived in’”’ look. 
























































some useful lines 


By George B. Field, ’51 


An Introduction to Nomographs 


A nomogram — what is that? Sure, we know, it 
is something they talk about in D 31, an advanced 
Graphics course. Well, take my word for it, a nomo- 
gram is not complicated, nor is it useless. Put simply, 
a nomogram is a graph or diagram. Now, most graphs 
are made with the idea of depicting a relationship; 
nomograms are made to solve formulas — to compute 
answers graphically from given data. To be sure, a 
regular graph does this, in that one can read a value 
of y given a value of x, but nomograms make a specialty 
of this process. Further, nomograms make easy work 
of formulas having three or more variables, which 
present grave problems with a Cartesian chart. 

The nomogram, like other graphs, is an arrangement 
of scales on a paper. Most often, however, the scales 
are parallel or skewed rather than perpendicular. 
Naturally, each scale represents a single variable. One 
reads the nomogram by finding points on the two scales 
representing the given variables. and putting a straight- 
edge through the two points. The straightedge, by a 
sort of predestination, just has to pass through some 
point on the third scale, which represents the unknown 
variable. Thus, the intersection of the straightedge 
and the third scale is the answer. That is, if the nomo- 
gram was made correctly. We are fairly sure that Fig. 
1, which solves 2x + y = 3z has been correctly made, 
so you may look at it as an example of what we have 
been talking about. Note how the straightedge SE 
cuts x at 4 and y at 7, and then z at 5, as it should. 

It is obvious that making nomograms presents two 
problems: making scales and arranging them. The 
solutions of these problems are interdependent; the 
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Figure 1 
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properties of the scales and their separations, for in- 
stance, are mathematically related. Moreover, you do 
not have to find these relations for each new nomogram, 
for this is the work of previous nomographers. Various 
geometrical arrangements have been evolved which 
are suited particularly to certain types of formulas, 
such as those involving addition, proportions, and trigo- 
nometry. We shall take up a few of the more useful 
forms. First, however, let us take a look at scale 
construction. 


LIQUID FLOW FROM AN ORIFICE : V=ClZgr" 
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Figure 2 


If you start to make a scale to represent ?#’, say, 
where t is just some old variable, you will soon discover 
that what gives meaning to the scale is laying off dis- 
tances according to ¢’, but then to label] the graduations 
according to t. In other words, the scale tells you 
something, for each point has both a label and a distance. 
Such a scale is called a functional scale, since we can lay 
off distances according to any function of t, not just its 
square. Hence, f(t) might be log t, Vt + 1, or t/6. 
On the functional scale distances are proportional to 
some function of the labels on the graduations. The 
constant of proportionality, for some reason or other, 
is called the scale modulus, m. Then if s; is distance on 
a scale of f(t), s: = mif(t). 

Thus, to make a scale, we first tabulate t over some 
range, and find corresponding values for f(t). Then, 
having established a modulus we know will give us a 
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scale of usable length, we mark off the graduations in 
accordance with the simple equation above. All that 
remains to be done is to label the graduations with 
values of t. An excellent example of the functional 
scale is found in the slide rule scale, where s, = 10 log t, 
measured in inches. It is plain that the slide rule scale’s 
utility lies in the fact that labels are observed, while 
distances are added. With the idea of functional scales 
in mind, it is easy to construct the scales of a nomogram. 

As we said before, arranging the scales depends on 
the type of formula to be solved. Addition, of course, 
is simplest. Suppose you want to solve 


fix) + faly) = fa(z), 
which might be 


3x? + Sy? = z 
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Figure 3 


We can construct the x and y scales parallel with 
arbitrary separation mae the methods of scale con- 
struction outlined above. We must make sure that the 
moduli chosen give convenient scale lengths. Once we 
have the x and y scales, the z scale must be located to 


. Mz a 
satisfy the relation: ity “7. Furthermore, the modulus 
y 
m, m 
of z, m,, must be chosen so that m, = —— 


m,;+ my, 
In order to calibrate the z scale, first find a reference 





point by putting a straightedge through some x and y, . 


noting the intersection, and calculating its value from 
the formula. The z scale is then easily calibrated, 
remembering that sz = m,f3(z). 

Taking a page from Mannheim’s book, we reflect 
that numbers can be multiplied by adding their logs. 
Hence, multiplying factors which are functions involves 
merely taking logs and treating the problem as an 
addition. Suppose that v = CV 2gh, which it does, if 
we are talking about efflux velocity from height h. 
Then 

log v = log C + \% log 2gh. 
Presto! Addition! Whipping out the rule book, it is 
easy to make a nomogram for this formula, as demon- 
strated by Fig. 2. To eliminate dogwork (the ultimate 
goal of nomography) you should use a slide rule scale 
for making log scales. In Fig. 2, for instance, the 
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Figure 4 


C scale is readily made by touching the 0.6 on the chart 
to the 6 on the slide rule, drawing a line from the 1 to 
the 10, and projecting other points parallel to this line. 

Luckily enovzh, the number of variables which can 
be added (or multiplied) by the nomogram is unlimited, 
simply because each answer can be used in a new 
addition. For instance, suppose we have 

filu) + falv) + fa(x) + faly) = fo(z)- 

This seems stupendous, but it is readily reduced to a 
trivial problem. Treating f; and f: in the fashion 
described above, we get their sum — call it f; — which 
appears on a sort of artificial f; scale created for a 
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special purpose. This special purpose is to be added 
to f;. In other words, since we cannot add /f,, f2, and fs 
all at once, we add the first two and then add the sum 
to the third. So we carry on the process, getting f3, fi 
and so forth, ending up with a reading on the f; scale. 
Note: it is unnecessary to label auxiliary scales. We are 
not interested in numerical values of the auxiliary vari- 
ables, but only in their representation as points which 
can be used in further operations. 
It is now possible to solve a problem of four variables; 
the solution is in Fig. 3. Pictured there is 
7273 
we W? L 
Fr 
a civil engineering formula giving a correction for sag 
- when a steel tape of running weight, W, and length, L, 
is pulled with a force, P. We put the formula into 


order: 
log C = log 1/24 + 2log W + 3 log L — 2 log P. 
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Figure 6 


Now, let an auxiliary variable Z equal the product in 


the numerator. Then, 
log Z = 2 log W + 3 log L. 

This is easily found by regular methods; subtracting 
the 2 log P means only that we calibrate the P scale 
downward, as the scale equation tells us that distances 
are negative. It is important to note that the only 
effect of constant factors, such as 1/24, is to raise or 
lower one of the scales vertically. Hence it is auto- 
matically taken care of when we find a trial point on 
the Z scale. (Although the auxiliary Z scale remains 
uncalibrated, a trial point on it is necessary for use in 
finding a trial point on the C scale. Thus the constant 
finally makes its presence felt in locating the C scale.) 

If you are allergic to log scales in any form, raw or 
prepared, there is another way to multiply nomograph- 
ically — by using the so-called Z chart. The chart is 
shaped like a Z, since the product scale is parallel to 
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ADDITION OF RECIPROCALS: y+'¢ = 3 
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Figure 7 


one of the factor scales; the other factor scale cuts them 
at an angle. By way of explanation, let us apply the 
Z chart to the same multiplication we did before by 
logs —v = CV 2gh. We are multiplying functions of 
C and h. Hence, we draw the v (the product) scale 
parallel to the A (a factor) scale. Again we choose 
convenient moduli, taking care this time to lay off the 
h scale in a downward direction. The C (a factor) 
scale is then drawn between the origins, forming a 
diagonal of length to be called K. All this is shown in 
Fig. 4. Quite unexpectedly, the equation for calibrating 
the C scale is: Sc =  ieeietailaatieat. where sc is measured 
mn, FO) +1 


from the h origin. It is obvious that this is far from 
being a direct proportion; the formula is born of the 
peculiar geometry of the thing. It all means that 
“plugging in” and ‘“‘making a little table” are unavoid- 
able; there are no shortcuts. Such labors are rewarded 
by a more accurate chart. 

By virtue of its peculiar form, the Z chart can be 
made easily to solve equations of the type: 


, _ filx) 
fle) + fly) =FG 


Necessary conditions in this case are that m; = m, and 
that m, = K, surely a very modest requirement. To 
be truthful, we must admit that equations of such a 
type are somewhat rare. Here is at least one, though. 
Consider a right triangle of sides a, b, and c, the hy- 
potenuse. The angle between a and c is 6. Then 
2 ae ees 
dpevteciniiay inet cos? 6” 
The chart of this equation takes very little time to 
construct; it is shown in Fig. 5. ‘Really, such a chart 
solves the triangle, since it shows the relations between 
two sides and an angle. 
Last but not least in our little file of useful forms is 
(Continued on page 26) 
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sixty second sizzling 


The Radar Oven Makes Good 


The cavity magnetron tube, which is the basis of 
radar, generates microwaves which penetrate into food- 
stuffs and set up localized excitation of the molecules of 
food. Result: complete internal heating of the entire 
mass of food at a very high rate. 

Commercial equipment for radar cooking, operating 
at 2450 megacycles, is on the market. Hotels, restau- 
rants, and the like use them; at present, though, radar 
cooking is limited to quantities less than two pounds or 
so. This is because of limited penetrating power of the 
high frequency waves. A “‘Radarange” (Fig. 1) has 
been tested in the Food Technology labs, with surpris- 
ing results. A typical experiment is described below. 

Commercially ground hamburg was purchased on 
the open market and seasoned with a small amount of 
salt and pepper. Four small, flat, round bamburg 
patties weighing 75 grams each were placed in 600 ml. 
glass beakers and cooked in the radar oven for one 
minute. From the same batch of ground raw meat four 
more hamburg patties of the same size were made and 
fried in a skillet in the conventional fashion on a gas 
plate. The hamburg patties required only one minute 
heating on the radar oven, whereas the gas cooked 
samples required from five to six minutes to arrive at 
what was considered a comparably cooked condition. 
The radar cooked patties were heated through the meat 
evenly and as a result there were no crusts at the 
surface of the patties. The radar cooked patties were 
also better done in the interior than is the case with 
grilled patties. 

Similar experiments were also conducted with had- 
dock and with frankforts. In the case of the haddock 
steaks, the cooking time required on the radar range 
was 40 seconds compared with about 12 minutes 
required in a 500° F. gas oven. Both the haddock 
steaks and the frankforts lacked the typical crisp crust 
found when conventional methods of cooking are used. 
In all the experiments the taste was the same for both 
the radar and the conventional methods of cooking. 

Due to the fact that these radar emanations heat 
the food equally throughout and not from the outside 
in, as with conventional means, food may be heated 
extremely rapidly. For instance, the temperature of 
food in the oven may be raised from — 10° F. to 140° F. 
in two minutes or less, depending on a number of 
factors such as weight, thickness, and the type of 
material. 

The significant difference between food products 
cooked in radar ovens and those cooked by conventional 
methods is that in the former case, no crust or carbon- 
ized surface is formed because the heating is uniform 
throughout the product. This effect is especially 
important in pastry and cake. Commercial packaged 
cake mixes (Devil’s Food, gingerbread, and white cake 
mixes) were also cooked by radar and in a gas oven. 
The radar-baked cakes were cooked evenly throughout 
and differed from the oven-haked cakes mainly in that 
they lacked a crust. Hence the radar oven is recom- 
mended for cakes that are normally to be covered with 
whipped cream or a frosting. A crust, however, may 
be obtained by exposing the upper surface of a radar- 
baked cake to the heat radiations of a fine-wire heating 


NOVEMBER, 1949 


By Samuel A. Goldblith 
























































element for one to one and one-half minutes. The 
rapidity of radar heating may be realized when one 
considers that for standard cake mixes baked in a gas 
oven for thirty minutes, the time may be cut in the 
radar oven to one minute. 

In most instances the vitamin retention of the two 
methods of cooking is about equal. In hamburg cooked 
on a griddle some of the thiamine and riboflavin content 
of the patties is lost by the splattering of the juices. 
Such losses would not occur in hamburg patties if the 
meat were cooked within the rolls, as is customary, on 
the radar range. The magnitude of the loss of thiamine 
in the case of various types of cake mixes was found to 
be consistently greater for conventional oven baking 
than by the radar method. 

However, the interval of cooking in the radar oven 
has a considerable influence over the decreases in 
thiamine experienced. Overcooking for as brief a period 
as thirty seconds may almost double the loss. An 
additional period of overcooking of such slight duration 
may also have a severe effect on the appearance and 
edibility of the product. Fortunately an accurate 
means of automatic precision timing for terminating 
the exposure period is built into the radar equipment 
used. 

Another potentiality which has been explored is the © 
application of radar energy to the blanching of vege- 
tables. (Blanching is the treatment of vegetables 8 
heat prior to freezing or canning for the purpose of 
inactivation of enzymes, reducing the turgidity of the 
food for better fill of the package, etc.) 

(Continued on page 32) 
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from the editor’s notebook 


From the horse’s mouth... 


A copy of the Chemical and Engineering News received early in October contained an 
article of interest to all those Techmen who feel that they are slated for top positions in 
industry. The article reported the results of a survey of chemical industrial research leaders, 
which, unlike most other surveys, covered only the top ten per cent. A few facts of interest 
uncovered by the poll include data to the effect that a majority of the leaders worked their 
way through college to some extent, all the while engaging in a wide variety of extracurricular 
activities; that sixty-four percent worked for only two companies; that patents and pub- 
lications were not too prevalent in the group. 

Although the average time it took the researchers polled to double their salaries was only 
six years, Chemical and Engineering News points out that they grew up with industrial 
research, an opportunity lacking to today’s graduates. A few of the personal opinions of the 
men queried fit the expected “advice to youth,” but because of their source, ought to be 
given special attention. It was felt that, taking honesty and training for granted, a young 
man who wished to get ahead should work hard, learn how to get along with others, and 
to express himself well in both speech and writing. Manvy of those responding felt that 
they should have taken courses in business management or economics. A large percentage 
was found to work frequently outside of office hours on business. 

If this data discourages anybody, let him be of good cheer. Eighty-two per cent felt 
that the standing of their school was a help in their careers. 


T. E. N. presents... 


George Field, ’51, has been a workhorse on T. E. N.’s lit staff for some time now. When 
a conference came up with the idea of a story which would “‘eliminate the need for a course,” 
George came up with his article on Nomography—guaranteed to introduce you to course 
D-31 and perhaps save you some time when beset by troublesome equations. 

M. I. T.’s Acoustics Laboratory sprang up during the war, and T. E. N. has been meaning 
to tell its readers about it for some time. When it was discovered that Dan von Reckling- 
hausen, ’51, spent his summer working there, we knew we had an article. We did, and here 
it is. From the Food Technology department comes the tale of the ““Radarange” and its 
effect on what makes food good for you. Perhaps you have already met quick-cooked hot- 
dogs. If so you will be glad to know what happens to the frankfurter. 

The sad tale of the “Engineer and the Lost Trait” was read to a T. E. N. staff dinner 
group once. All present thought that Dan Test’s *50 Tau Beta Pi initiation paper might 
provide food for thought for someone. Speaking of Tau Beta Pi, ‘‘Capital Export,” written 
for last May’s Tau Beta Pi issue and held over for lack of space at that time, seems ever so 
much more apropos now. Ease in exporting know-how and industry might make a large 
difference in the present sad international financial condition. 


Why, Daddy?... 
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Can anybody tell me why statistics (quoted in Collier’s) show that over the past seventeen 
years there has been a direct relationship between the value of insurance policies held and the 
height of the insured? It might be interesting to find an explanation for what appears to be 
stretching coincidence a little far. 









































Air Conditioned with Frick Retcigeration 


Below: Frick Refrigerating Machines at 


f 


Radio Station WBAL 


The new building of Maryland's 


’ largest broadcasting and television 
ws station, at Baltimore, is air condi- 
wy tioned throughout with three Frick 


compressors, each having four 
cylinders, as shown below. This 
fine installation won the 1948 
Building Trades Award for the 


@ Paul J. Vincent Co., Baltimore Dis- 


tributors for Frick Refrigerating, 
Ice-making and Air Conditioning 
Equipment. 


The Frick Graduate Training 
Course in Refrigeration and Air 
Conditioning, operated over 30 
years, offers a career in a grow- 
ing industry. 


A - 9 


1,000,000 pounds 
that move with 
micrometer precision 
on DUS Ball and 


Roller Bearings 


The new telescope at Mt. Palomar moves 
its massive 500 tons with pin point precision 
on GILG Ball and Roller Bearings . 
over 5,500 SiG Bearings in all. 


This is another of the interesting and 
imaginative assignments that cross the 
desks and drawing boards of the Sisf 
Engineer. S&)LG Industries, Inc., Phila- 
delphia 32, Pa. 6736 


Industrial Ball and Roller Bearings 


finnnnnen A CSTO Ry on [iS tne 


capital export 


(Continued from page 9) 


and will not easily be forgotten. The prospect of 
nationalization of industries is now also a major factor 
for consideration. Experience has shown that, when a 
government “‘confiscates” or in any other manner takes 
possession of the business of a non-resident, the non- 
resident does not receive equitable compensation. Thus 
the possibility of disastrous changes in government 
policies is another severe deterrent to capital exporta- 
tion. 

The principal difficulties which must be overcome 
in successful overseas operation have been briefly 
described. Steps are being taken and proposals made 
to relieve the situation in areas where agreement can be 
obtained. 

The International Monetary Fund has been estab- 
lished with the intention of stabilizing exchange rates. 
Participating countries are required to deposit an 
amount of gold and currency with the Fund, and the 
Fund arrives at a value of the country’s currency in 
terms of gold or United States dollars. An exchange 
rate is in this manner set up which the individual 
nations are pledged to maintain within certain margins. 
Within limitations, the Fund will buy and sell currency 
and gold to assist in keeping the established rates. The 
arrangement theoretically insures each nation of a 
reasonable supply of any money. Failure to live up to 
the agreement is punished by forced abstention from 
participation. The work of the fund has not been 
entirely successful, but it represents a step in the right 
direction. 
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rr we CO RP OSS 


IMAGINE stealing three billion tons of earth every year! 
That’s what soil erosion has been doing. And this gigantic 
theft has cost farmers billions of dollars. For good earth is 
not dirt cheap. 


“Stop erosion!” has become the farmers’ war cry. Agri- 
cultural agencies have joined the farmers. Together, they 
have turned to the farm machinery makers. They’ve asked 
for bigger and better bulldozers, tractors, graders for neces- 
sary ditching and terracing. But to build this super farm 
machinery takes tougher steel, new alloys. 


Here is where UCC enters the allied offensive against 
erosion. Drawing on its vast engineering experience, UCC 
contributes modern metallurgical techniques and alloys. 
This co-operation with steel manufacturers helps the farm 
machinery makers . . . who then are able to give the farmers 
the equipment they need. 


How is the “war” going? The farmers are winning. Dust 





Let's get down to earth... 


Trade-marked Products of Divisions and Units include 


bowls are vanishing. Sterile lands show signs of life. Yes, the 
farmers are winning their fight against soil erosion with a 
combination of new equipment, revegetation and crop 
rotation. 

Union Carbide is proud of its part in this effort. And the 
people of UCC stand ready to help solve other problems. . . 


wherever better materials and processes are needed. 


FREE: You are invited to send for the new illus- 
trated booklet, ‘‘Products and Processes,”” which 
shows how science and industry use UCC’s 
Allovs, Chemicals, Carbons, Gases and Plastics. 





Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC NEW YORK 17, N. Y. 





ELECTROMET Alloys and Metals * BAKELITE, KRENE, VINYON, and VINYLITE Plastics * HAYNES STELLITE Alloys 


LINDE Oxygen + PREST-O-LITE Acetylene ° 
PRESTONE and TREK Anti Freezes * NATIONAL Carbons 
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PyROFAX Gas * SYNTHETIC ORGANIC CHEMICALS 
EVEREADY Flashlights and Batteries »* ACHESON Electrodes 




























SERIES 


PROBLEM — You are designing a machine for 
doing finishing operations on the production line, 
such as grinding, polishing, buffing, etc. Your prob- 
lem is to provide a drive that permits the grinding 
or polishing wheel to be moved around freely while 
it is running. How would you do it? 


THE SIMPLE SOLUTION — Use an S.S.White 
power drive flexible shaft to transmit rotary power 
from a suspended or pedestal-mounted electric 
motor to the handpiece which holds the finishing 
wheel. This gives you a portable unit that permits 
the wheel to be readily manipulated to reach alll 
points. 


kk 

This is just one of hun- 
dreds of power drive and 
remote control problems 
to which S.S.White flex- 
ible shafts are the simple 
answer. That's why every 
engineer should be famil- 
iar with the range and 
scope of these useful 
‘Metal Muscles’’* for 
mechanical bodies. 


Here's how one manufacturer *Trademark Reg. U. S. Pat. Off. 
did it. and elsewhere 


WRITE FOR BULLETIN 4501 


It gives essential facts and engineer- 
ing data about flexible shafts and 
their application. A copy is yours 
free for asking. Write today. 


SSlhit. 


FLeKieLe 
Swarts 
= 


“Sr. j 
“en : 


5S. WHITE INDUS TRIAL a 


THE S. S$. WHITE DENTAL MFG. CO. 
DEPT.C, 10 EAST 40th ST... NEW YORK 16, N.Y. om 
PUEXIDLE SHAPTS + FLERIBLE SHAFT TOOLS + AlRcRAsT AccESSORNS 
SMALL CUTTING AMO GainDiING TOOLS . SPECIAL FORMULA BUBBEES 
MOLDED REWSTORS + PLASTIC SPECIALTIES © CONTEACT PLASTICS MOLDING 


One of Americas AMAA Industrial Enterprises 


ad 
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CAMBRIDGE 
PRECISION 
INSTRUMENTS 


For Exacting 
Professions and 


Mark e 
Industries 


Reg. U. S. Pat. Office 


In the past half-century, many important develop- 
ments of science and industry have been furthered by 
use of Cambridge instruments. From its inception, 
this company has made precision instruments for ex- 
acting professions and industries. There are few indus- 
tries in which Cambridge instruments may not be 
used to advantage. The Cambridge trade-mark is rec- 
ognized throughout the world as the hallmark of fine 
mechanical and electrical precision instruments. 


CAMBRIDGE MAKES 


Moisture Indicators and Recorders, Aero Mixture Indi- 
cators, ee Meters and Recorders, COz Recorders, Geo- 
physical Seismographs, Electrometers, Voltamographs, 
Galvanometers, Gas Analyzers, Dissolved Oxygen Re 
corders, Fabric Permeameters, Exhaust Gas Testers, 
Surface Pyrometers, Fluxmeters, Vibrographs, Stetho- 
graphs, Electrocardiographs and Instruments for Measur- 
ing Radioactive Emission. 


Write for bulletins describing instruments of interest to you. 


CAMBRIDGE INSTRUMENT CO., Inc. 
3756 Grand Central Terminal - New York 17, N.Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 


some useful lines 


(Continued from page 20) 


the chart for adding reciprocals. This operation is 
common enough so that the nomographers have devised 
radial scales which solve it in good fashion. If 
Paar aes 
film) faly) fal) 
is to be solved, we draw the x and y scales as. 
at their common origin, O. The z scale is also radial; 
its angular position is determined by the fact that 


‘ = = in Fig. 6, L being parallel to the x scale. To 
calibrate the z scale one plots a temporary z scale 
having various distances L along the y line according 


to the relation: 
L= My f 3(Z). 


Finally this temporary scale is projected onto the z line 


in a direction parallel to 1. 
Fig. 7 shows a well-known optics equation: 


RR: 

The idea behind the nomogram is simple: the 
straight-edge reading of scales. It is therefore widely 
applicable. We have touched on but a few of the many 
known forms; others make a specialty of division of 
differences by sums, for instance. Cartesian — are 
often used along with parallel scales, and a modi cation 
of rectangular coordinates solves proportions ap 
four terms. With a bit of geometrical aptitude an 
experience one can design nomograms to meet new 
problems. 
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hick change atist 


Hundreds of thousands are now enjoying 
RCA’s thrilling new way of playing rec- 
ords . . . they marvel at its wonderful tone 

. and the speed with which it changes 
records. 

Prolonged research is behind this achieve- 
ment, research which sought—for the first 
time in 70 years of phonograph history —a 
record and automatic player designed for 
each other. 

Revolutionary is its record-changing 
principle, with mechanism inside the cen- 
tral spindle post on which records are 
so easily stacked. Result: a simplified 
machine, that automatically changes rec- 
ords in 5 seconds. 

Remarkable, too, are the new records— 
only 6% inches in diameter—yet giving the 





NOVEMBER, 1949 


playing time of conventional 12-inch rec- 
ords. Unbreakable, these compact vinyl] plas- 
tic discs use only the distortion-free “quality 
zone’... for unbelievable beauty of tone. 
Value of the research behind RCA’s 45 
rpm system—which was started 11 years 
ago at RCA Laboratories—is seen in the 
instant acceptance, by the public, of this 
better way of playing records. Music 
lovers may now have both the 45 rpm 
system, and the conventional “78.” 


* * * 


Development of an entirely new record-play- 
ing principle is just one of hundreds of ways 
in which RCA research works for you. 
Leadership in science and engineering adds 
value beyond price to any product of RCA, 
or RCA Victor. 


World’s fastest automatic changer—in RCA 45 rpm system — 


changes records in 5 seconds. 


Continue your education 
with pay—at RCA 


Graduate Electrical Engineers: RCA 
Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
—offers you opportunity to gain valuable, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

@ Development and design of radio re- 
ceivers (including broadcast, short wave 
and FM circuits, television, and phono- 
graph combinations). 

@ Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

@ Design of component parts such as 
coils, loudspeakers, capacitors. 

@ Development and design of new re- 
cording and producing methods. 

® Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to National Recruiting Divi- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 





RADIO CORPORATION of AMERICA 
World Leader tn Radio — First in Television 
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All this .. just for a Spring? 


——_ . ... mechanical spring design requires a firm grasp of 
fundamental facts and formulas. But there’s a practical side, too, that 
often eases the way in many applications. When the time comes to 
apply your theory to actual work, remember Wallace Barnes as a 
friendly, helpful spring source — with a well-rounded knowledge of 
springs and springmaking ‘that comes from long years of leadership 
in the field. 


Lhlnee Butnes SPRINGS 


SMALL STAMPINGS * WIRE FORMS ° HAIRSPRINGS * COLD ROLLED SPRING STEEL 


WALLACE BARNES COMPANY 
BRISTOL, CONN. 


DIVISION OF THE ASSOCIATED SPRING CORP. 
AND IN CANADA, THE WALLACE BARNES CO., LTD., HAMILTON, ONTARIO 
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G3. DAD, WHAT MAKES IT GO SO FAST ? 


“It’s power that does it, son. Power from its new jet engines. Engines built with parts made from 
today’s strongest, toughest metals ... parts that fit within one ten-thousandth of an inch.” 
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*tAnd when that giant lands, it lands 


“Then those engine parts are shaped 
smooth and true by Norton grinding 


“Those one parts are shaped by 
s. 


tougher tools. Tools sharpened by safely because Norton engineering 


Norton grinding wheels made from 
our 32 Alundum abrasive, the fastest, 
coolest cutting abrasive ever made... 
and our famous Diamond Wheels, a 


wheels. And those parts fit each other 
just right. That’s because of the sure 
finishing touch of Norton grinding 
wheels and machines. 


created a special grinding machine that 
helps make the landing gears’ odd- 
shaped parts fit true and tight and 
strong.” 








Norton first in 1930. 














TRADE MARK REG. U. S. PAT. OFF. 


Gd king better products to make other products better 
RASIVE : ar none was £2) ousrones 7 nase rare & cloTA< 


{GRINDING AND LAPPING MACHINES JR paie LABELING MACHINES i? NON-SLIP FLOORING 





**Yes, Ronnie, Norton, 
’ helps make airplanes 

better. Other products, too. In fact, 

y there’s hardly anything man makes that 
doesn’t get a lift from Norton some- 

where along the line. That’s why I’m 
proud of my job of making better prod- 
ucts to make other products better.” 





POROUS MEDIUMS & LABORATORY WARE NORBIDE PRoDUCTS ./V 


NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 
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WHY GIVE WIRES AND CABLES 
A.C. AND D.C. TESTS? 


At Okonite regular d.c. tests pick out imperfections in 
insulated wires and cables not detected by conventional 
methods. These d.c. tests, at 4 times the a.c. values, are in 
addition to the routine high voltage tests. 

“Something extra” is typical.of Okonite production tech- 
niques and research procedures. That something extra, multi- 
plied many times spells leadership . . . reflects Okonite’s 
engineering background as pioneers in electrical wires and 


cables. The Okonite Company, Passaic, New Jersey. 
Si3t 
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from studios to polymer fractions 


(Continued from page 11) 

field in the material being irradiated. Optical rotation 
of sugars, absorption of materials, and depolymeriza- 
tion of polymers are all included in research with the 
lab’s generator. Not the least important piece of re. 
search being done in this field is the study of brain 
tumor location with high frequency sound; the lab jg 
cooperating with researchers at the Massachusetts 
General Hospital on this. 

Of direct interest to the physics department is the 
study being made with the help of the crystal generator 
and other apparatus of the chemical and physical effects 
of intense sound irradiation — the stresses produced in 
materials and sound absorption by solutions and gels 
with regard to molecular structure, for example. Cavi- 
tation in liquids in intense sound fields is being studied 
under rigidly controlled conditions. 

For visual observation of data in the study of sound 
fields cigarette smoke is used (Listen carefully, we have 
arrived). In one experiment a set-up was developed 
which would have made a good substitute for the face 
which blows smoke rings high above city streets. Study 
of these rings gives data valuable in the study of how 
sound travels. Smoke is also used, in smaller quantities, 
to determine the displacement amplitude of particles 
of the medium through which sound is traveling. 

The Acoustics Laboratory at M.1.T. is a fairly 
recent institution, but it fills what was once a rather 
large gap in scientific training and study. Since it has 
come into existence, it has been consulted on many 
matters by researchers and interested persons in other 
fields. One group has even asked the lab for a method 
of eliminating the pigeon menace with ultrasound. 
(Note: [t does not work 


Privately-owned power 

companies are keeping ahead of 

America's insatiable appetite for kilowatts 

by providing new steam-electric generating facilities 
at the greatest rate in history. For example, 

dots on the map below represent central stations 
where steam requirements for over 9 million kilowatts 
of new capacity are being supplied 

eo by B&W Boilers either placed in 


service or ordered since V-J Day. 


v poker’ a ae . b PES . o» 
south Oot Bee a A et S aky Included in these new units are the 
nio oc Baste rseee® 4 ese °C 


i 
2 ie largest capacity central 
A station boilers ever designed. 


ye Nation-wide acceptance of B&W 


y Boilers is as old as the central station 
industry itself. 


Offices: 85 Liberty St., New York 6, N. Y. 


Works: Alliance and Barberton, O.; Augusta, Ga. | 
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This is a picture o7 


It's a picture that gives automotive engi- 
neers clear-cut facts on performance—a 
picture that suggests how photography with 
its ability to record, its accuracy and its 
speed, can play important roles in all 
modern business and industry. 


No, this is not the “doodling” of a man on the tele- 
phone. Far from it. It’s the photographic record of 
an oscilloscope trace that shows, and times, detona- 
tion in a “knocking” engine. It all happens in a few 
hundred-thousandths of a second—yet photography 
gets it clearly and accurately as nothing else can. 


Oscillograph recording is but one of countless 
functional uses of photography in bettering prod- 


Functional Photography. .. is advancing industrial technics 


- ucts and improving manufacturing methods. High 


speed “stills” can freeze fast action at just the crucial 
moment—and the design or operation of a part can 
be adjusted to best advantage. 


And high speed movies can expand a second of 
action into several minutes so that fast motion can 
be slowed down for observation—and products be 
made more dependable, more durable. 


Such uses of photography—and many more—can 
help you improve your product, your tools, your 
production methods. For every day, functional pho- 
tography is proving a valuable and important ad- 
junct in more and more modern enterprises. 


Eastman Kodak Company, Rochester 4, N. Y. 





= NE has the Answer ! 


i" 

You won't need a slide rule or transit when it comes to 
locating a single source for electrical roughing-in materials. 
Just look to NATIONAL ELECTRIC for the complete answer. 
There’s a National Electric product to fill every wiring 
need. The complete NE line of electrical roughing-in materials 
includes: CONDUIT... CABLE... WIRE... RACE- 

WAYS ... FITTINGS. 
NATIONAL 


National Electric 


PROOGCOCTS CORPVRATION 
PITTSBURGH 30, PA. 
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sixty second sizzling 


(Continued from page 21) 


Some of the results of this investigation are depicted 
graphically in Figure 2. It is apparent that practically 
no loss was sustained in Vitamin C content by any of 
the vegetable when subjected to radar treatment for the 
time periods necessary to raise the temperatures of the 
vegetable sufficiently to inactivate their enzymes. The 
rapidity of blanching by radar energy as compared to 
—— methods is illustrated in the following 
table. 


OpTiMAL TimEs NEEDED TO BLANCH VEGETABLES 
IN RapDAR OvEN, BorLinc WATER, AND STEAM 





Optimal Time for Blanching 


Radar Oven Boiling Water — Steam 


Vegetable 





Seconds Minutes Minutes 
Spinach 2. 3.5 
Carrots ' ; 
Peas 
Green Beans 
Broccoli 








Thus it may be seen that radar offers a means of 
blanching which is much more rapid than conventional 
means and which is also extremely favorable from the 
point of view of conservation of soluble nutrients. 
Blanching procedures using radar equipment may be 
conducted on food samples packed in flexible thermo- 
plastic containers. During later cooling these containers 
served as protection against vitamin 
losses that might otherwise have 
occurred if the cooling water had 
been used in direct contact with the 
blanched raw materials. For ex- 
ample, two ears of corn-on-the-cob 
were placed in a thermoplastic bag 
and blanched in the radar oven for 
one minute. The bag was then 
sealed and cooled by immersion in 
ice water. The resulting product 
was found to be completely blanched 
and of excellent texture and flavor. 

Radar ovens have been used for 
a number of other purposes more 
recently, including the rapid drying 
of ink on one of the most popular 
weekly magazines, for the processing 
of jams and preserves, for rapid 
short order cooking in restaurants, 
and for the drying of pharmaceuti- 
cals. 

The application of radar energy 
to the feeding of troops has been 
studied quite recently. It was found 
that the electronic oven, although 
rapid enough on a small scale, did not 
have sufficient capacity to cook a 
meal for one hundred men in fifteen 
minutes. 

One researcher found, while 
evaluating the radar oven for sub- 
marine use, that in conversion of 
electric energy to heat, the radar 
oven had an efficiency superior to 
that of the conventional electric 
range. 


HOBOKEN, N. J. 
MONTREAL 


THE TECH ENGINEERING NEWS 





d to 
wing 


ites 


BO mo Vt 


is of 
onal 
the 
nts. 
y be 
mo- 
ners 
min 
lave 
had 
the 
ex- 
cob 
bag 
for 
hen 
1 in 
luct 
hed 
vor. 
for 
Lore 
ing 
ular 
ing 
pid 
nts, 
uti- 


rey 
een 
und 
ugh 
not 
k a 


een 


hile 
ub- 

of 
dar 
' to 
tric 





§ 











yarn 
from 
corncobs! 


A DU PONT PROCESS CONVERTS 
FURFURAL INTO A CHEMICAL 
FOR MAKING NYLON 


One of the fascinating things about 
nylon is the unlikely sounding raw 
materials that go into it. Popu- 
larly, nylon is said to be made from 
coal, air and water. This is because 
originally, in developing its chemi- 
cal intermediates, chemists used ben- 
zene (from coal), ammonia (from air 
and water), and oxygen (from air). 


But Du Pont is always looking for 
new ways of doing things. After the 
discovery of nylon in 1934, research 
men immediately began looking for 
alternative ways of making the two 
main intermediates—adipic acid and 
hexamethylenediamine. In 1935, 
when nylon was still in the labora- 
tory stage and three years before its 
commercial debut, they started work 
on the possibility of using furfural 
in the process. 





A. G. Sveinbjornsson, Ph.D., Organic Chem- 
istry, University of Kansas, 1948, and H. B. 
Copelin, M. S., Organic Chemistry, Cornell, 
1941, studying new furfural derivatives. 


NOVEMBER, 1949 


Furfural has been used in the chem- 
ical industry for 25 years, but it is 
little known to the layman. A tan- 
colored liquid with a faint bitter- 
almond odor, it is made from a wide 
variety of agricultural by-products. 
Among these are corncobs and hulls 
of cottonseed, oats, rice—allavailable 
in practically unlimited quantities 
from America’s farms. 





C. R. Dewey, B. S. Chem., Niagara Univer- 
sity, 1941, and J. M. Estes, B.S. Ch.E., Uni- 
versity of Missouri, 1937, engaged in produc- 
tion of adiponitrile at the Du Pont Electro- 
chemicals plant in Niagara Falls, New York. 


14 Years of Research 
and Development 


It seems a far cry from corncobs to 
nylon, and it was. The development 
from the first small-scale laboratory 
experiments to the present full-scale 
plant cost 14 years of time and about 
five million dollars. But it enabled 
chemists to produce large quantities 
of adiponitrile, the compound from 
which hexamethylenediamine is 
made, by an economical process 
which uses natural materials that 
are in continuous supply. 


In the new process, furfural is con- 
verted by a series of steps to 1,4-di- 
chlorobutane. The next step explains 
in part why Du Pont undertook the 
project in the first place. As pro- 
ducers of cyanides, they had sodium 








Scale model of a part of the Du Pont adiponi- 
trile plant at Niagara Falls. Here furfural, an 
agricultural by-product, is converted into a 
chemical intermediate for making nylon. 


cyanide available for converting the 
1,4-dichlorobutane into adiponitrile. 


The final product, hexamethylene- 
diamine, is then reacted with adipic 
acid to inake nylon “‘salt.’’ Still more 
processing and the salt becomes yarn, 
and the nylon flake used by the 
plastics industry. 


Opportunities at Du Pont 
in many scientific fields 


This is an excellent example of the 
interesting work in industrial organic 
chemistry carried on at Du Pont. It 
required the technical knowledge and 
skill of highly trained research and 
development men, including organic 
and physical chemists; chemical, me- 
chanical, civil and electrical engi- 
neers, and others. 


Only a large company with ample 
resources in men and money could 
afford to engage in research of such 
magnitude. To the young college 
graduate, Du Pont offers the broad- 
est of opportunitiesin many scientific 
fields, along with the advantages of 
working directly with a small group 
of associates. 


Keynote of Du Pont personnel 
policy is promotion from within on 
a competitive merit basis. A con- 
scientious effort is made not only 
to choose college-trained people of 
promise, but to develop each indi- 
vidual as rapidly as possible. 


REG. U. 5. Pat. OFF. 
BETTER THINGS FOR BETTER LIVING 
...» THROUGH CHEMISTRY 


Entertaining, informative — Listen to “Cavalcade of 


America” Tuesday Nights, NBC Coast to Coast 
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Extrapolation, Interpola- 
tion, and... 


Dr. Norbert Wiener, professor of 
mathematics at the Massachusetts Insti- 
tute of Technology, has written a new 
book entitled ‘Extrapolation, Interpola- 
tion and Smoothing of Stationary Time 
Series.”” The new book represents an 
attempt to “unite the theory and practice 
of two fields of work . . . which have up 
to the present drawn their inspiration 
from two entirely distinct traditions . . .” 
These two fields are those of ‘‘time series 
in statistics and of communication engi- 
neering.” The book consists mainly of the 
development of a mathematical attack 
which can profitably be applied to both 
of these fields. 


Temper, Temper... 


A new tempering process makes it 
possible to heat a metal surface from room 
temperature to 1600 degrees Fahrenheit 
and then cool it to room temperature, all 
in less than five seconds. 

The process is used for the tempering 
of small metal parts such as the toothed 
surfaces of small ratchet wheels for auto- 
matic circuit reclosers. Such parts require 
an efficient tempering process since they 
must be able to withstand heavy impacts. 

An electromagnet is used to hold the 
part to be tempered within the field of a 
powerful electronic heater. An automatic 
timing switch turns off the electronic 
heater when the part has reached the 
proper temperature. At the same instant, 
the current is removed from the electro- 
magnet and the part drops into a cooling 


bath of oil. 


Prestressed Concrete... 


The use of prestressed concrete has 
been developed in Europe to the point 
where it will soon be extensively used by 
American engineers. 

The prestressing converts the concrete 
into an elastic material. The weakness of 
concrete in tension and its consequent 
cracking should be greatly lessened by 
this process. The entire prestressed con- 
crete section carries bending moment and 
therefore such a beam can carry much 
heavier loads without failing than can a 
reinforced concrete beam of the same 
section. 

It would also be possible for a pre- 









stressed concrete beam to span greater 
distances than has heretofore been pos- 
sible. 

The new beam structure lends itself 
to closely controlled mass production 
techniques. 


Prescriptions... 


A thorough analysis of some thirteen 
thousand medical prescriptions collected 
in thirty-nine states in November of 1946 
shows that, with regard to frequency of 
use, the top four ingredients were thiamin 
hydrochloride, riboflavin, phenolbarbitol, 
and glycerin. 


Experimental Wall... 


The National Bureau cf Standards has 
recently erected an experimental wall 
faced with over two thousand specimens 
of stone from forty-seven states and 
sixteen foreign countries. The wall will 
be used to study various important 
structural problems, such as discoloration, 
waterproofing, and dimensional stability. 

In all, the wall contains thirty distinct 
types of stone, some of which are not 
common building materials. The bureau 
may find wider usage for the latter if they 
prove to have desirable characteristics. 


There'll Be a Hot Time... 


A fire has been burning since last 
March in a coal mine in Alabama. 
Strangely enough, the fire was started 
intentionally and no efforts have been 
made to extinguish it. The purpose of 
the blaze is the production of gas. 

The progress of the fire is being 
followed through use of an electronic 
mercury vapor detector. Small capsules 
of mercury are placed at regular intervals 
throughout the coal vein. When the fire 
reaches a capsule it vaporizes the mercury 
and an instrument detects the presence of 
the vapor. 

The mercury vapor detector takes 
advantage of the fact that ultra-violet 
light is scattered when it passes through 
an atmosphere containing mercury vapor. 
Gases to be tested are passed through a 
tube between an ultra-violet light source 
and an electric eye. If the gases contain 
mercury vapor the light reaching the 
electric eye will be lessened and _ the 
instrument will record the presence of the 
vapor. 
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If you had been born 85,000 years ago and were 
still alive, think of all you would know about 
what happened on earth. 

And if you had devoted all those years to work- 
ing with one particular material found on earth 

.. say aluminum... think what you would 
know about that. 

Actually, man has known of aluminum for less 
than 150 years and didn’t really start to use it 
commercially until 1888 when Alcoa started pro- 
ducing it. Yet in Alcoa’s employ today is a group 
of men and women who possess a total of 85,000 
years of aluminum working knowledge. 

These people, 2,900 of them, proudly wear this 
button as members of the Alcoa 25-Year Service 
Club. Many have been in the family longer than 
25 years. Their jobs range all the way from mill 
hand to president, from engineer to chairman of 
the board. They are a fourth of all the employees 


ALC 








YEARS OF KN 


First In ALUMINUM 


t 
owrer® 


Alcoa had 25 years ago, pretty good indication 
that it’s “‘a good company to work for”’. 

But here’s the most significant point: Sixty-one 
years ago, when Alcoa started, only five men 
were employed. Today about a million people 
have jobs in the aluminum industry, an industry 
comprised of: companies who produce aluminum 
from ore; companies who smelt aluminum scrap; 
others who make semi-finished aluminum prod- 
ucts; and hundreds of companies who manufac- 
ture useful articles in which aluminum plays an 
essential part. 

Today the same pioneering spirit that marked 
the founding of this industry is evident in 
Alcoa’s laboratories, mills and foundries. Here 
men are developing new uses, new techniques 
that promise even more for the future of alumi- 
num. ALUMINUM CoMPANY OF AMERICA, Gulf 
Building, Pittsburgh 19, Pennsylvania. 























Massachusetts Institute of Technology 
CAMBRIDGE, MASSACHUSETTS 







THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


offers the following Professional Courses: 


SCHOOL OF ARCHITECTURE AND PLANNING 
Architecture City Planning 


SCHOOL OF ENGINEERING 


Aeronautical Engineering Electrical Engineering | 


ee, a ef Options: Electric Power 
5 ae oe eee Electrical Communications 


Options: Heavy Construction ‘Electronic Applications 



















Light Construction Electrical Engineering 

Business and Engineering Administration Co-operative Course 
Courses: Based on Physical Sciences General Engineering 

Based on Chemical Sciences Marine Transportation 






Mechanical Engineering 
Options: Power 
Chemical Engineering Practice Materials, Design and 
manufacturing 
Automotive 
Mechanical Engineering 
Co-operative Course 
Metallurgy 
Options: Metallurgy 
Mineral Engineering 
Meteorology 
Naval Architecture 
and Marine Engineering 


SCHOOL OF SCIENCE 


Chemical Engineering 







Civil Engineering 
Options: Theory and Design 
Planning and Administration 
Construction and Management 









Economics and Engineering 
Options: Human Relations 
Industrial Economics 















Chemistry Mathematics 
Food Technology Physical Biology 
Food Technology — Five Year Course Physics 
General Science Quantitative Biology 
Geology 

Options: Geology 






Geophysics 








The duration of each of the above undergraduate Courses is four academic years 
and leads to the Bachelor's degree, with the following exceptions: (1) Architecture and 
Marine Transportation, which are five-year courses leading to the Bachelor's degree; 
(2) Food Technology (Five Year Course), Physical Biology, and the Cooperative Courses 
in Electrical Engineering and in Mechanical Engineering, which extend over a period of 
five years and lead to the Bachelor’s degree and the Master’s degree. 

Graduate study may be pursued in Textile Technology, Ceramics, Sanitary 
Engineering, and in most of the above professional Courses. The Master's and Doctor's 
degrees are offered in most of these fields. 

For information about admission, communicate with the Director of Admissions. 
The Catalogue for the academic year will be sent free on request. ° 
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“Improving” any machine really means 
increasing its productive capacity. That 
means tinkering with speeds and weights 

| and strength—ending up with alloy steels. 


Which alloy steel?—the one that meets 
physical requirements at the lowest cost. 
| Molybdenum steels fill that bill. Good 
hardenability, plus freedom from temper 
brittleness, plus reasonable price enable 
them to do it. 

Send for our comprehensive 400-page 


book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 





Climax Molybdenum Company 


500 Fifth Avenue - New York City 





THE MAIN JOB of one entire 
laboratory at General Electric 
is to keep guesswork out of 
G-E products. 


ITS STAFF specializes in giv- 
ing help on tough measure- 
ment problems. 


TYPICAL SOLUTION was 
development of first “‘turbi- 
dimeter,”’ advancing work on 
water-purification equipment. 


1000 Specialists tell us “When you can measure...” 


who make a specialty of measurement and allied prob- 
lems—the more than 1000 staff members of the G-E 
General Engineering and Consulting Laboratory. GE 
& C serves the entire company, and is also frequently 
called on by other industries and government agencies. 


Lord Kelvin, writing in 1883, summed up once and 
for all the importance of measurement. 

“When you can measure what you are speaking 
about,” he said, “and express it in numbers, you know 
something about it, but when you cannot measure it, 
when you cannot express it in numbers, your knowl- 
edge is of a meagre and unsatisfactory kind.” 

The need for detailed and accurate “numbers” is as 
great today as it ever was. Recently, for example, Gen- 
eral Electric engineers working on water-purification 
equipment were hindered by the lack of any accurate 
way to measure water’s turbidity. Another group 
needed data on the vibrations in their equipment. 

But at General Electric any group up against tough 
measurement problems does not have to be stymied for 
long. It can “appeal” its case, can seek the aid of men 


It solved the two problems above by developing the 
first “turbidimeter” and a “recording vibrometer” 
now finding applications throughout industry—two 
out of thousands of similar problems handled by the 
laboratory each year. 

The work of GE & C illustrates again how General 
Electric backs up research and creative thinking, im- 
plements new projects with the best available facilities, 
and so remains in the forefront of scientific and engi- 
neering development. 


GENERAL @@ ELECTRIC 





